The management of osteoarthritis of the knee associated with patellar instability secondary to external tibial torsion > 45° is challenging. Patellofemoral biomechanics in these patients cannot be achieved by intra-articular correction using standard techniques of total knee replacement.
The management of osteoarthritis of the knee associated with patellar instability secondary to external tibial torsion > 45° is challenging. Patellofemoral biomechanics in these patients cannot be achieved by intra-articular correction using standard techniques of total knee replacement.
We reviewed seven patients (eight knees) with recurrent patellar dislocation and one with bilateral irreducible lateral dislocation who had undergone simultaneous total knee replacement and internal tibial derotational osteotomy. All had osteoarthritis and severe external tibial torsion. The mean follow-up was for 47.2 months (24 to 120).
The mean objective and functional Knee Society scores improved significantly (p = 0.0001) from 29.7 and 41.5 pre-operatively to 71.4 and 73.5 post-operatively, respectively. In all patients the osteotomies healed and patellar stability was restored.
Excessive external tibial torsion should be identified and corrected in patients with osteoarthritis and patellar instability. Simultaneous internal rotation osteotomy of the tibia and total knee replacement is a technically demanding but effective treatment for such patients.
The various causes of instability of the patellofemoral joint include valgus alignment of the limb, trochlear hypoplasia, patella alta and external tibial torsion with a high Q angle. 1, 2 Of these, isolated excessive external tibial torsion is a rare, but under-recognised cause. 1, 3 The aetiology of external tibial torsion is multifactorial with genetics, the intrauterine position and mechanical forces all playing a role. The condition persists in the growing child with a level of torsion of 15° to 20°b etween the ages of 5 and 7 years. [3] [4] [5] The diagnosis of excessive external torsion is based mainly on physical examination and should be distinguished from femoral anteversion. 1 In order to do this the lower limb should be examined as a whole. With the patient supine, internal and external rotation of the hip is measured in 90° of flexion. If this is symmetrical, excessive femoral anteversion is not the culprit. Rotation of the hips is then assessed with the hips in neutral and the feet perpendicular to the ground. If external rotation is significantly larger than internal rotation, and there are no extra-articular deformities such as malunion of a fracture, the underlying problem is external tibial torsion. The patient is examined prone, with the foot plantigrade, in order to determine the thigh-foot angle and to record the degree of external tibial torsion. The Q angle is increased in patients with excessive external tibial torsion. However, it cannot be measured reliably when it is associated with chronic irreducible patellar dislocation. In such patients CT may provide additional data regarding the condition of the trochlea by measuring the tibial tuberosity-trochlear groove distance. 6, 7 Although CT is the method of choice for quantifying tibial torsion, clinical examination generally yields information which is just as accurate. 7 Patients with patellar instability secondary to external tibial torsion and osteoarthritis often present with an apparent valgus deformity as they try to improve their foot progression angle by internal rotation and adduction of their hips. Consequently, the knee is driven medially relative to the foot, thereby increasing the load through the lateral and patellofemoral compartments. Total knee replacement (TKR) for osteoarthritis associated with patellar instability secondary to excessive external tibial torsion is challenging. No more than 20° of excessive external tibial torsion can be corrected reliably without a rotational tibial osteotomy, as the attempted derotation increases the tension in the collateral ligaments. 8 However, when external tibial torsion is between 35° and 45° standard TKR can be reliably performed by using a posterior stabilised implant, with insertion of the tibial component in external rotation. 8 We report our experience with simultaneous internal rotational osteotomy of the proximal tibia and TKR in patients with osteoarthritis and patellar instability secondary to external tibial torsion > 45°.
Patients and Methods
The series consisted of eight women (ten knees) with osteoarthritis and patellar instability secondary to severe external tibial torsion. One patient (both knees) had neglected irreducible patellae ( Fig. 1 ) and seven (eight knees) had a history of recurrent dislocation of the patella. Their mean age was 59.4 years (54 to 64) at operation. All underwent simultaneous TKR and proximal internal tibial rotational osteotomy by the senior author (JCC). The mean follow-up was 47.2 months (24 to 120).
Six patients had various operations previously. Two had undergone the Hauser procedure, 9 three had transfer of the patellar tendon by medialisation of the tibial tuberosity and one a lateral release with medial plication and patellar tendon transfer.
Pre-operative assessment included examination of the torsional alignment of the lower limb as discussed above, the stability of the knee and the range of movement and a distal neurovascular examination. In all patients, external tibial torsion was determined by measuring the thigh-foot angle in the prone position using a goniometer. 7 The mean external tibial torsion was 57.5° (50° to 65°). In the seven patients (eight knees) with recurrent patellar dislocations, the Q angle was measured pre-and post-operatively. It could not be measured clinically in the patient with dislocated patellae.
Radiological evaluation included standing anteroposterior (AP), lateral and skyline views with the knee flexed at 30°. Also, a three-foot standing radiograph with the feet pointing forwards was taken to determine the mechanical axis of the limbs. Any internal rotation of the femur shown in this view supported the diagnosis of torsional deformity. Since the external tibial torsion in these patients was so obvious, further imaging, such as CT, was not required. All the knee components were posterior stabilised (Nexgen, LPS; Zimmer, Warsaw, Indiana).
Clinical and functional evaluations were carried out by comparing the pre-and post-operative Knee Society scores 10 (200 points). This system includes a 100-point knee score for the evaluation of categories such as pain, range of movement and stability, with deductions for flexion contracture, extension lag, instability and malalignment. The functional component has a maximum of 100 points for parameters such as the ability to walk on level ground and on stairs, as well as the necessity for walking aids. The post-operative scores were based on the most recent follow-up examination. 
THE JOURNAL OF BONE AND JOINT SURGERY All the patients were asked to answer a questionnaire which included their levels of satisfaction post-operatively, their willingness to have the operation done again (in unilateral cases) and the time to achieve full rehabilitation. Operative technique. All operations were undertaken through a midline medial parapatellar approach. A coronal osteotomy of the tibial tuberosity 1.0 cm to 1.5 cm in thickness and extending 5 cm to 6 cm in length was performed to mobilise the patellar tendon (Fig. 2a) . 11 The tuberosity was reflected superiorly. The femur was prepared with standard cuts.
The proximal tibia was then resected in a standard fashion using an extramedullary guide. The tibia was reamed to a length of 145 mm to accommodate the stemmed prosthesis which would stabilise the rotational osteotomy, the level of which was marked 4.5 cm below the proximal tibial resection, thereby allowing a metaphyseal fit for the tibial component.
The inner aspect of the fibular head was resected, leaving its lateral cortex and attachment of the lateral collateral ligament intact to protect the peroneal nerve. Two Kirschner (K-)wires were placed offset from each other, based on the degree of correction required, one above and one below the proposed osteotomy (Fig. 2b) . A transverse osteotomy was then performed (Fig. 2c) and the distal tibia internally rotated until the two offset K-wires were parallel (Fig. 2d) .
The tibia was prepared and a stemmed tibial component inserted with cement. Care was taken to prevent extrusion of cement into the osteotomy. A buttress plate or staples were used if the rotational osteotomy was not fully stabilised by the stem (two patients). The tibial tuberosity was fixed by two AO cancellous screws and washers. The rest of the procedure was standard. The patients remained non-weightbearing for six to eight weeks until the tibial osteotomy had solidly united (Fig. 3) . Statistical analysis. The analysis of variance (ANOVA) test was used to compare pre-and post-operative knee scores. A p-value of < 0.05 was chosen as being statistically significant.
Results
The mean pre-operative knee score improved significantly (p = 0.0001) from 29.7 (15 to 39) to 71.4 points (40 to 88). Similarly, the mean functional knee scores improved 
-test).
All the rotational and tibial tuberosity osteotomies had healed by eight weeks. The post-operative mechanical axis was restored to within 2° of normality in each patient. There was neither radiological evidence nor symptoms suggestive of loosening of the components. Wound complications were not encountered.
Two patients complained of prominent metalwork and are scheduled for removal of the screws attaching the tibial tuberosity. One had a stiff knee and refused to have this treated. She had two previous knee operations in an attempt to correct patellofemoral instability and is not satisfied with the outcome. The remaining seven patients were satisfied. They noted that the operation improved their quality of life and would have this procedure again. However, all seven felt that rehabilitation to full function took from six to 12 months.
Discussion
A favourable outcome after TKR depends on restoration of the mechanical axis, correct orientation of the prosthesis and soft-tissue balancing. Numerous studies have discussed the influence of rotational alignment of the tibial and femoral components on patellar tracking. [12] [13] [14] Berger et al 12 analysed the rotational alignment of TKR components in asymptomatic patients with normal axial alignment (1° of varus to 2° of valgus) by CT and found that the combined amount of internal rotation of the femoral and tibial components correlated directly with the severity of patellofemoral instability. In patients who had patellofemoral complications, those with a combined internal rotation of 1° to 4° had lateral tracking and patellar tilting, those with 3° to 8° had patellar subluxation and those with 7° to 17°F
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Post-operative radiographs showing a) AP, b) lateral and c) skyline views with good healing of the osteotomies (proximal tibia and tibial tubercle) in the patient with bilateral patellar dislocation. A well-recognised reason for malrotation after TKR is reliance on the posterior condylar axis in valgus knees, in which there is a high incidence of hypoplasia of the lateral femoral condyle. This may deceive the surgeon when making the femoral cuts and lead to internal rotation of the femoral component. 15 Moreover, tibial rotation is not always easily determined, especially in the presence of torsional abnormalities. 16 The use of the medial aspect of the tibial tuberosity as a landmark and repeated flexion and extension with trial components do not always provide the surgeon with a reliable guide for the rotational alignment of the tibial components. 17, 18 During pre-operative assessment, surgeons should be aware of excessive external tibial torsion as an additional cause of patellar maltracking, which can present as a spectrum ranging from patellar instability to chronic irreducible dislocation. The index of suspicion for this under-recognised aetiology should be high when there is patellar instability in valgus knees without lateral femoral condylar hypoplasia.
Previous studies for the treatment of chronic irreducible dislocation of the patella with arthritis have reported the use of augmented and stemmed TKR. 19, 20 These indicated that ligament balancing in such cases was difficult and they suggested the use of constrained components with patients often requiring extensive lateral release. The ensuing complications included wound breakdown and peroneal nerve palsy. 19, 20 Cameron 8 found that external tibial torsion of up to 35°t o 45° associated with osteoarthritis of the knee can be treated by intra-articular correction using a posterior stabilised TKR. This can be achieved by increasing the external rotation of the tibial component, which often requires downsizing to prevent anteromedial overhang. The correction which can be achieved reliably by this technique is limited, since beyond 20° of intra-articular correction, there is a significant risk of increasing the tension in the collateral ligaments and exposing the central post to high torsional stresses. Therefore, when external tibial torsion is > 45° a rotational osteotomy of the proximal tibia as described above should be considered. It can be performed either staged or simultaneously with TKR.
The senior author previously reported a good to excellent outcome in 14 (77.8%) of a series of 18 patients with recurrent patellar dislocation and increased Q angle due to excessive external tibial torsion and patella alta in younger patients without arthritis. 1 The keystone of the technique is a tibial derotational osteotomy which realigns the extensor mechanism and addresses the aetiology directly, without requiring an extensive soft-tissue release.
1 Similar principles were applied concomitantly with TKR in our study and six of the eight patients had undergone previous tibial tuberosity realignment procedures for patellar instability. Medialisation of the extensor mechanism to a more anatomically correct alignment in patients with major external tibial torsion can be obtained only by derotation of the tibia because of the technical restrictions of current procedures for medialisation of the tibial tuberosity which have a maximal correction of 20°. [21] [22] [23] We were able to restore the Q angle in all patients in our study by derotational osteotomy. There was no need for constrained implants and no wound complications occurred. All the osteotomies healed uneventfully and at a mean of four years, none of the knees required revision and there was no radiological or clinical evidence of loosening.
Patients should be informed that the post-operative rehabilitation is expected to take about a year. Also, irritation from hardware is a possible problem which can be addressed by its elective removal.
One limitation of our study was the relatively short follow-up. However, we believe that it was enough to uncover any problem related to the concomitant use of the osteotomy with TKR. The second limitation was the relatively small number of patients, but to the best of our knowledge this was the first series reporting this method of treating the rare combination of osteoarthritis and severe external tibial torsion.
We believe that, although demanding, the technique is effective in such patients.
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